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Landslide, zoning, Text Landslides are one of the types of large-scale processes that cause many human
Aras, Germi city, and financial losses in many parts of Iran and the world every year. The increase in
Northwestern Iran. population and the expansion of human settlements in mountainous areas, the difficulty

of predicting the occurrence of landslides and the numerous factors influencing the
occurrence of this phenomenon, reveal the necessity of landslide risk zoning.
Identifying the effective factors in the occurrence of this phenomenon and its risk
zoning is one of the basic and practical methods to achieve its forecasting, control and
monitoring solutions. By using field studies, geological and topographical maps, and
by reviewing the researches and studies done in this field, as well as examining the
existing conditions in the studied area, 9 factors of elevation, slope, slope direction,
lithology, distance from the fault. , the distance from the river, the distance from the
communication roads, land use and rainfall were investigated as factors affecting the
occurrence of landslides. Therefore, the purpose of this research is to investigate and
analyze the most important factors involved in creating the risk of landslides in Garami
city and to identify the prone areas that will probably be involved in landslides in the
near future. In this research, the zoning of prone areas was done with the Aras multi-
criteria algorithm in the Edrisi software environment, and according to the results of
landslide risk zoning; The criteria of land use, slope, and lithology are the most
important factors involved in creating the risk of landslides in the study area with weight

Receive: 2023/10/03 coefficients of 0.187, 0.152, 0.152, and 0.142, respectively, and are 361.99 and 450.32,
Accept: 2024/01/21 respectively. A square kilometer of the area has a very high probability of danger.
Available: 2024/07/14 Finally, it can be said that the most important factor involved in increasing the amount

and potential of landslides in Germi city is the change of land use and the increase of
agricultural land and livestock pastures.
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Introduction

Due to its special location, such as topography, high slope, the presence of loose and non-resistant surface materials on
resistant formations, as well as climatic conditions, is one of the accident-prone areas in terms of the possibility of
landslides. ARAS method, which is based on optimal planning and multi-criteria optimization, has been used in the
present study as a multi-criteria decision rule, in combination with the network analysis process for the landslide
potential zoning. It is worth mentioning that the use of ARAS method with the integration of network analysis method
has been used for the first time in this research in terms of landslide risk zoning; therefore, the results of this study can
be mainly considered by researchers, national and policy makers regarding landslide risk zoning.

Methodology

The current research was an applied study and its research methodology was an analysis based on the integration of
data analysis, geographic information system and the use of multi-criteria analysis techniques .

Analytical Network Process (ANP): The ANP method is an advanced form of AHP method that is capable of modeling
and includes the correlation and feedback between elements in decision making and all the internal effects of the
affective components in decision making. The ARAS method is based on the argument that complex phenomena of the
world can be understood using simple relative comparisons. This technique is a powerful method in providing the
performance and degree of desirability of different options relative to the optimal situation, whose usage is relatively
easy. ARAS performance phases are as the following:

1: Forming the decision matrix: The decision matrix in this method is in the form of criteria-options. That is, a matrix
whose columns are problem criteria and rows are options, and each row is actually the score of each option relative to
each criterion. 2: Normalization of the decision matrix or standardization: In the implementation of all the algorithms
used in the present research and in order to achieve the spatial zoning pattern of subsidence risk, the standardization
step was performed according to the fuzzy membership function. Data standardization means equalizing the range of
data changes between zero and a specified range. In fuzzy sets, the highest value, i.e. the value of one, belongs to the
maximum membership and the lowest value, i.e. zero, belongs to the minimum membership in the set.

Results and Discussion

After applying the weights obtained from the ANP method on each of the standardized maps and performing other steps
of the ARAS model, the final landslide zoning map was obtained in 5 classes ranging from very high risk to very low
risk. According to the obtained results, 99 thousand and 361 square kilometers of the city area were in the high risk
category and 32 thousand and 450 square kilometers were in the high risk category. Moreover, 205.31 square kilometers
of the city area had medium risk and 347.20 and 519.26 square kilometers had very low risk and low risk, respectively.
The most dangerous areas were mainly in the slope of 20% to 30% and in this amount of slope in the city, the surface
and basically fine-grained materials are susceptible. They reach the limit of sliding with the absorption of water and
increase in humidity, and with the increase of shear stress and rupture of materials, they start to move in the slope.
Mainly in high slopes and less than this value in the region, the possibility of formation of sliding movements would be
low. The slope direction of the area is from east to north. Investigating land use criteria indicated that agricultural use,
and pastures have occupied the largest percentage of the area of high-risk areas due to non-observance of crop rotation,
cultivation on sloping lands and increase in soil moisture, which is acceptable due to the irrigation and infiltration of
more water into the ground. In Germi city, the distance from the communication road is between zero and 10000 meters.
High-risk areas are mainly located at a distance of zero to a maximum of 1,800 meters from communication routes. The
distance from the waterway in Germi city is the closest and farthest distance from the fault, respectively, from zero to
4000 meters. The high-risk areas introduced from the present study are mainly located between 0 and 3000 meters from
the fault. This city is between 0 and 1000 meters. High-risk areas are located at a distance of O to 700 meters from the
river.

Conclusions

In this research, landslide risk in Germi city has been investigated using the integration of ANP and ARAS methods. In
landslide risk zoning of Germi city, 9 parameters effective in the occurrence of landslides including lithology, land use,
slope, direction of slope, height, rainfall, distance from waterway, distance from road and distance from fault were
prepared. The research results showed that land use factors (part of human cluster), slope (part of physiographic factors
cluster), lithology (part of land-construction cluster) with values of 0.187, 0.152 and 0.142, respectively had the highest
weight coefficients.
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Fig (2): Map of factors affecting landslides

Glro,s5 5k g (SKar Conl o8 a5 el (AHP)Q;‘;” 3 gladl arwgs IS (ANP) %9y (ANP) sl Julow MTJB
Slasloo 8,5 g y5kain |y (5 S el 53 50 51521 (59,0 Dyl goled 5 03905 (53l |y (5 S waml S 3 polic (s 39250
@ o0 a5 g byl 4 o) las )y dadan 4 la las  ias saiiils bL3 )l 045 oYU jlae b bo,lxe s ¢AHP Joe jo .aules
» ).aL.C 9 )..al.,..c » l.bd.w? LQ.J « ANP JAA 59 ‘.;le L350 g0 M‘j ).iu.\.o.k LSRN Lb)L\.xA 699- = IRERTY M‘j LQ)L:M)J)
(ANP) o9, (S 55k & 0538 31 525 laados 1500 5 5 plbogs » yolic i 4k i lS o b jolic » anF wns
e ol o ilbaies g yolie o Olbls)l g Ly, s =Y b aslis g b lae s =) (Jold a5 0l o 5 ol sllo



\f'vuqu a)uc\\ e)}:“_;j)}é)}a}jj})-\:.&

\f.¥ C,l:-ameu ¥ .O)LM:) B .0)9.5 6)’9’9}3)9&9339)@

alis g5 Slaglio Glopus il doaiigs 5 yolis (g5 Slaglio Y1005 oo 43320 (61aS JLlo ) (6 S proad sl
daglio lag] (S (glaboyd Cgz 50 licienl Cond 4 abgS o )0 S peedi polic slags; 5 aibige (AHP) is) L
o Ple g 18—z (539 Loy eSS -0 (Fi9 e b adgl e il py g S5 — il il o 5o g JuS25 -F W5 o
ol @l -0 Wigd plp pa b ol gyl polie 5ot [San il yolie b ow) oo (695 0les 4«39 (m lo pgms 150>
5 yolie ol ama wolyd )0 5 00l Jlog loadss s ple colpd 0w lepgw ol s rolie ol ez -F boadys

OBOYATAL () Ken 5 b (> ,8) 50,5 oo Lasuine Loy Cu ol

(oroz S (25,0 ARAS (g, il eolial b (358l e siainy 4 ags J>1re

5,5 S o |y sazms slis sle sasny g co (s o0l sl dnslie jl eolanwl b aST sl Yol cpl 5 e ARAS i,
30,5 Cdggn 31 g el iy mdg 4 o alizio slo 43S Congllae 4z 10 g 0 Slas 5 &l)] jo wied Ju8 g, (ST
il oo S b 4 ol ilwenly pi oSN e el Jlo 55 50 5 g

slasbxe | o] slagygin 45 (ca jlo S (S el 4 35— )lne S jg0 4 g Cnl 50 el i pile paeal o ile oSS 2
el 555 Jlai I ol Jama o 4y o 43 5 Sl gl 55 30 o 58 5 288 0 LS5 oaiy3F 1 Lo Al
S iy 58l liws Cqz 5 ol gl )0 eolitul 550 slae 5Nl galed (glwosly 5o ig3lws llinl b el
o 4 bools ogai o lslnl () Jaoz) Cépdy Ojee 551 Cugac Al 4 Az b oglus lailinl als e i 8 jlas
Sade g 5] G iien (651 laacgeme 10wl [0 Lastin dals SO L g S g ke o Wosls Ol sy dils 0 S lees
23 g3 913 4y bgyye O)lrsld 0,5 o Gl degazms ;0 Cugde [Bla 4 sho x5l pekeS 5 Sapde S 4 S
el 0ads ools uled ¥ S

axlllao 3590 009u0 b3 rae) s 4S5 ,8 cegoge Y Lol @l g9 Vgun
Table (1): The type of fuzzifier functions of thematic layers affecting the risk of selling the studied area
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Fig (3): Flowchart related to the research process

ez g by aidly

p3¥ gy cnl 5l 10,]0 092 lalidie 5| (cegite (gaials (A3 Ghal 5 (s p ST Lyline (s pS0jlal o Ghagh ol
29 ey Oyge ar glws lailinl 5 (6,185 35l 4 bgs e al> e ddalllas ol o 00l o laslinl a0 L oS 5 5l LS8 e loe o]
Gl o)l JI 3NV B e olie e Cugas 53] ‘;"’L> G5 5 el ol aid I A 55 (65l Asgerme )o Cugas (B3] sl
sl o 03l Lt F S 40yl aslllas 4o 7 ylae (ol Las 45 by po (gouds 5luiliul

WS AR YIS AR AR OE TWA SR (IR TS TWTASE BV oE TR HAA PR WL rE It 10
z € E E E € E z E t ‘ E E E E < B e I
: “ : I &2 ra— |
f : | Sl e s i o
z 12 - e ]
4 > =z z
jz ° ¢
# R 3
- 1= 3
z O — — e Z| |- .o
05% » 0 © N — — z
; - DEN) N ¥ & l
E v E e E W oE Ew'r 'k woroE £ E o E E € oy e ey = - .
i atotha - £ C B oy 3 E E E 'E B ¢ £ e T | €
N . N |
J—{)Mn&a}d'—lu&:‘ A : ,,m;.,u“m..uu_au._'._. ‘u/ PTIRTEYN e
| - ; st €[] ] )|
: :
; :
z ;
e




\‘F-\"g\:...u\:\"i a)La..fac\\ o)}éc‘_;j}.‘}é)}a}jjj)-\;&

\f.¥ GMU ¥ .o)Lo..& B .0)50 639’9’3)9.09335)4%9

2 TP AE Tt AE ks WE Vi E WL WE TANL E L PRTAof e oF Td OF Vet OF atii A Yo o T E et eE E T g E Ve
: = t
3 R — A 3 ot s o 8 A A il B s 3 il el A i
z z z - 2 b |7
il ) ¢

F ' Iyt }' % K

- | »

3 C IR S .‘. 2 1=
. X < +

< T | Y |2
3 £ — 2R |
.52 t

- C | [ { ¢

e Z || |z

2 " - — — T AT - — — A {*

08w 0 W W 3 = ar% N » « ¢

v - - . - - ¥ v B - . v - e A Y A e Ao A e J.,l

CUE e E YE Wt CE mtlt CF e B o1t E o0 E Wt E Nt CE st E ot E et OE o' SE wr's' YE 4t *E wa's. ' *E

Doy i 5 ik b jlas (531 (gouds o lasbinl slaasss () U
Fig (4): Fuzzy standardized mapof the proposed criteria in landslide zoning
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Table (2): Unweighted or primitive supermatrix related to the model
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Table (3): weighted supermatrix
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Table (4): Limit supermatrix
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Table (5): Matrix of weights of groups
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Table (6): The final weight obtained from the ANP method
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Fig (4): Landslide zoning map of Germi city
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Table (7): The final weight obtained from the ANP method
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Fig (6): Landslide photo of Germi city
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